[ Downloaded from jircsa.ir on 2026-06-24 |

[ DOR: 20.1001.1.24235970.1402.11.1.4.0]

Journal ofiRainwater.Catchment'Systems
~

\J |

et/

Prioritizing the construction of watershed check dams using spatial multi-criteria
evaluation model (Case study: Dorahan watershed)

Amirali Aali*1®, Saeid Soltani2®, Hosein Bashari?’@, Afshin Honarbakhsh*®

1. Former M.Sc. Student, Watershed Management Engineering Department, Faculty of Natural Resources, Isfahan
University of Technology, Isfahan, Iran, Email: Amirali.aali65@gmail.com

2. Professor, Watershed Management Engineering Department, Faculty of Natural Resources, Isfahan University of
Technology, Isfahan, Iran, Email: ssoltani@cc.iut.ac.ir

3. Associate Professor, Watershed Management Engineering Department, Faculty of Natural Resources, Isfahan
University of Technology, Isfahan, Iran, Email: hbashari@cc.iut.ac.ir

4. Associate Professor, Watershed Management Engineering Department, Faculty of Natural Resources, Shahrekord
University, Shahrekord, Iran, Email: honarbakhsh@nres.sku.ac.ir

ARTICLE INFO

ABSTRACT

Avrticle type:
Research Paper

Avrticle history

Received: 24 January 2023
Revised: 24 March 2023
Accepted: 29 March 2023
Published online: 20 April 2023

Keywords:

Analytic hierarchy process,
Checkdams, Evaluation model,
Optimize positioning, Spatial
multi-criteria, Weighing.

Identifying the appropriate places for implementing various management actions in
the watershed is a challenging issue. Multi-Criteria Analysis (MCA) is an approach
to assist managers in solving this problem. This study aimed to determine
appropriate places for gabion check dams, earth embankments, and stone and
mortar dams using the MCA technique in the Dorahan watershed in Chaharmahal
and Bakhtiari province. First, a criteria tree was developed to integrate some
ecological maps (flooding, erosion, channel number, slope, and geomorphology)
with economic variables (distance to villages and roads) and spatial restriction
variables (stream order, slope, geomorphology, and elevation). Analytical
Hierarchical Process (AHP) was used to compare and weight the variables and
management options. The eigenvalue vectors were measured for all criteria used in
AHP. According to the AHP, the eigenvalues of flooding and erosion as the most
important variables were 0.36 and 0.32, respectively. The management options
against all criteria were then compared and earth embankment with an eigenvalue of
0.494 was recognized as the best management option in the watershed. Stone and
mortar dams and gabion check dams were the two later management options with
eigenvectors of 0.316 and 0.126, respectively. All criteria maps were produced in a
raster format by ILWIS software and were then imported into the Spatial Multi-
Criteria Evaluation (SMCE) model. The appropriate areas for the construction of
these management options (different kinds of small dams) were then mapped in the
watershed. Sub-watersheds 6 and 7 were identified as the most suitable area for
implementing these management options. A similar approach can be used to
identify the best management practices for suggesting other bio-mechanical
projects.
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EXTENDED ABSTRACT

Introduction: Locating improvement operations in watershed management is one of the challenging issues.
The Spatial Multi-Criteria Evaluation (SMCE) is a methodology to help managers to solve this problem. A large
amount of data has been collected by various organizations and research centers in this field, but it is necessary
to pay more attention to the planning necessary to reduce risks with data mining and new technologies. From the
point of view of planning in watersheds, it is a complicated task and it is possible with the intervention of
several factors and limitations. Due to the fact that the location of remedial operations is carried out by
consulting engineer experts in our country, it is necessary that this method is provided to them so that they could
able to approach the appropriate type of operations and help them for locating the projects. The aim of the study
was to determine suitable places for the construction of gabion, earth, and stone mortar dams using a multi-
criteria analysis methodology in the Dorahan watershed of Chaharmahal and Bakhtiari province.

Methodology: The first step in designing the mechanical structures of watersheds is to determine the location of
these structures. With regard to the main goal, which was the spatial prioritization of the construction of gabion,
earthen, and stone mortar dams, the tree model of the analysis and combination of maps of natural factors
(floods, erosion, water level, slope, and geomorphology), economic factors (proximity to the road) and spatial
limitations (waterway grade, slope, geomorphological surface, and elevation) were prepared. The slope was
obtained from the digital elevation model (DEM). Proximity to the village and the road, considering the privacy
of the village and the road, ILWIS was prepared. Limiting factors such as the level of villages and roads, areas
other than second-grade waterways for gabion dams, third-grade waterways for stone-mortar dams, and third-
and fourth-grade waterways for earthen dams that do not have any intervention in the case of Bolin (correct) and
wrong) were removed from the program. In the following, AHP was used to weight the factors. In hierarchical
analysis, factors were compared in pairs and the relative importance of factors in determining the suitability of a
pixel for a certain type of decision was evaluated. In hierarchical analysis, only two criteria are compared at the
same time, of course, the relative values on a continuous scale vary from 1 to 9. The categories were arranged in
a reciprocal square matrix. Analyzes and surveys were done and weights were obtained from the matrix with the
highest configuration. The grouping was done. In this method, the correct numbers were given to the factors
according to their importance and priority. The normal weight of the factors was calculated (numbers range
from zero to one), then the factors were combined and the location priority map for the construction of earthen,
stone, mortar, and gabion dams was calculated.

Results and Discussion: Based on the weights given to each of the criteria, flood and erosion with values of
0.36 and 0.32, respectively, were in higher priority than other criteria for the construction of earthen
embankment, stone mortar, and gabion. In the paired comparison of the operations based on the slope, mortar
rock with a value of 0.75 had a higher priority. In the paired comparison of the operations based on the
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landslide, the earthen rock with a value of 0.6 was placed as the first priority. Based on the geomorphology
criteria both gabion and stone mortar with a value of 0.43 had a higher priority than soil. In the comparison of
goals based on the erosion criteria, the first priority was given to the earth dam with a value of 0.78. In the
comparison of the operations, according to the criteria of the grade of the waterway, the first priority was given
to the earth dam with a value of 0.6. In the following, according to the prioritization by AHP and using the
weighted average, the first priority was the earthen dam with a value of 0.49, followed by stone mortar and
gabion with a value of 0.316 and 0.126, respectively. Finally, through the criteria and limitations related to each
of the goals (flooding, water level, slope, erosion, etc.), a spatial prioritization map was prepared for the
construction of earthen dams, stone mortars, and gabions (e.g., Figures 1 to 3).
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Figure 1- Locating the Gabion dam construction by SMCE
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Conclusion: The results showed that by using multi-criteria analysis methods, it is possible to place and
prioritize watershed improvement operations. Factors effective in settlement can be prioritized using the AHP
method, in which flood and erosion factors were more important. In this study area, the first priority was given
to earthen dams, and the second and third priorities were to mortar and gabion dams, respectively. Moreover, the
SMCE was well used in the preparation of the location map for the construction of earth, stone, mortar, and
gabion dams. This method could be suggested for other biomechanical projects in the field. The necessity of this
type of study is more evident from the fact that most of the basic studies are done in detail and separately, and
the risks of erosion are identified, but the integration and planning stage is done with the aim of reducing the
wastage of attention. Less basic studies are done.
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Figure 1- Geographical location and sub-watersheds of the study area
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Table 2- Determining the weight of criteria
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Table 3- Pairwise comparison of different operations based on slope
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Table 4- Pairwise comparison of different operations based on flooding
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Table 5- Pairwise comparison of different operations based on geomorphology
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Table 6- Pairwise comparison of different operations based on geomorphology
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Table 7- Pairwise comparison of different operations based on the grade of the waterway
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Table 8- Determining the priority of operations based on criteria
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Figure 4- Locatiing the Gabion dam construction by SMCE
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Figure 5- Locatiing the embankment construction by SMCE
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